Objective To compare the swallowing characteristics of dysphagic patients with traumatic brain injury (TBI) with those of dysphagic stroke patients. Methods Forty-one patients with TBI were selected from medical records (between December 2004 to March 2013) and matched to patients with stroke (n=41) based on age, sex, and disease duration. Patients' swallowing characteristics were analyzed retrospectively using a videofluoroscopic swallowing study (VFSS) and compared between both groups. Following thorough review of medical records, patients who had a history of diseases that could affect swallowing function at the time of the study were excluded. Dysphagia characteristics and severity were evaluated using the American Speech-Language-Hearing Association National Outcome Measurement System swallowing scale, clinical dysphagia scale, and the videofluoroscopic dysphagia scale. Results There was a significant difference in radiological lesion location (p=0.024) between the two groups. The most common VFSS finding was aspiration or penetration, followed by decreased laryngeal elevation and reduced epiglottis inversion. Swallowing function, VFSS findings, or quantified dysphagia severity showed no significant differences between the groups. In a subgroup analysis of TBI patients, the incidence of tube feeding was higher in patients with surgical intervention than in those without (p=0.011). Conclusion The swallowing characteristics of dysphagic patients after TBI were comparable to those of dysphagic stroke patients. Common VFSS findings comprised aspiration or penetration, decreased laryngeal elevation, and reduced epiglottis inversion. Patients who underwent surgical intervention after TBI were at high risk of tube feeding requirement.
INTRODUCTION
Traumatic brain injury (TBI) is one of the common causes of disability in adults, and is associated with longterm or lifelong physical, cognitive, behavioral, and emotional consequences [1] . Swallowing impairment is a significant issue in the management of patients with TBI because many different mechanisms, such as impaired oropharyngeal function, cognitive deficit, and behavioral problems, can affect their swallowing [2] [3] [4] . Among inpatient TBI patients in rehabilitation, the incidence of impaired oral feeding reportedly ranges between 25% to 93% [2, 3, 5, 6] . In particular, 37% of severe TBI patients are unable to recover to an unrestricted diet after 18 weeks of inpatient rehabilitation [7] . Since dysphagia after brain injury can lead to malnutrition, dehydration, and aspiration pneumonia, adequate management of dysphagia is an essential part of TBI rehabilitation.
A few studies have investigated the characteristics of dysphagia in TBI patients [2, 4, 5, 8] . Prolonged oral transit, delayed swallowing reflex, and altered lingual control are frequently reported in patients with TBI [5, 8] . However, a prospective study has demonstrated that pharyngeal dysfunctions, including aspiration, are very frequent in severe TBI patients [4] . Additionally, the Rancho Los Amigo Scale, computerized tomography (CT) scans, ventilation time, and aspiration are reported as significant independent predictors of impaired oral intake in TBI patients [3, 4, 9] . Although these findings suggest a direction of dysphagia management in TBI patients, relevant information is still lacking.
In contrast, numerous studies have investigated the characteristics and management of dysphagia in patients with stroke. A Cochrane review reported that behavioral interventions and acupuncture reduced dysphagia, and pharyngeal electrical stimulation reduced pharyngeal transit time in stroke patients [10] . Conventional treatments such as change in posture and position for swallowing, learning new swallowing maneuvers, oral stimulation, neuromuscular electrical stimulation, and alteration in food amounts and texture have been recommended as treatment options [11] . These have been adopted for the treatment of dysphagic TBI patients without specific evidence of their effectiveness. These therapeutic approaches will require modification for TBI patients if dysphagia characteristics differ between TBI and stroke patients.
Therefore, the purpose of this study was to compare swallowing characteristics between TBI and stroke patients with dysphagia through the assessment of videofluoroscopic swallowing study (VFSS) findings. We hypothesized that frequent abnormal findings in oropharyngeal swallowing differ between the two patient groups.
MATERIALS AND METHODS

Study design and patients
This was a retrospective study based on medical records. A total of 7,105 cases of VFSS data were sourced between December 2004 and March 2013. Eligibility criteria included (1) history of head trauma, (2) brain damage confirmed by radiologic study, (3) older than 18 years of age, and (4) VFSS for evaluation of dysphagic signs or symptoms. Patients with previous TBI, other neurological or systemic diseases, or any structural abnormalities, such as pharyngeal edema after anterior cervical fusion and Zenker diverticulum were excluded. Fig. 1 presented the patient selection flow chart. Among the 7,105 cases of VFSS, 41 patients with TBI were included in this study. These patients were then matched to those with stroke from the same data source based on the age, sex, and disease duration (mean duration from onset to VFSS). Patients who were clinically and radiologically diagnosed with stroke were enrolled into the stroke group; the same inclusion and exclusion criteria used for the TBI patient group were then applied.
Swallowing assessment
Standardized VFSS was conducted using a remote controlled fluoroscope [11] . Patients were placed upright to obtain pharyngeal lateral and frontal anterior-posterior views, and were then administered the following: 2 mL and 5 mL diluted barium (Solotop Suspension 140; Teajoon Pharm, Seoul, Korea), pudding, rice gruel, yoplait, and boiled rice twice in a spoon. If the patient showed aspiration on videofluoroscopy, or any clinical symptoms of aspiration, they progressed to the next test diet. After VFSS image examination, the images were analyzed by each parameter in the oral, pharyngeal, and esophageal phases. More than two experienced rehabilitation physicians assessed the VFSS results. The definitions of all VFSS abnormalities and formulae of all consistencies www.e-arm.org have been published previously [12] .
Outcome measurements
We evaluated dysphagia severity, clinical dysphagia characteristics, and VFSS findings in both patient groups. Dysphagia severity was measured using the American Speech-Language-Hearing Association National Outcome Measurement System (ASHA NOMS) swallowing scale and the videofluoroscopic dysphagia scale (VDS). The ASHA NOMS swallowing scale is a multidimensional scale designed to measure both the patient's supervision level and diet level required by assigning a single number between 1 and 7, with a higher score indicating a better swallowing ability. Patients with ASHA NOMS swallowing scale scores ≥4 are oral feeders who can eat a regular or modified diet, while patients with scores ≤3 are non-oral feeders whose nutrition should be supplied via a nasogastric tube, gastrostomy, or total parenteral nutrition. The VDS is numerical scale (from 0 to 100) utilized for the quantitative evaluation of dysphagia and directly converted from the physiologic parameters of the VFSS. Clinical characteristics related to swallowing were measured using the numerical (from 0 to 100) clinical dysphagia scale (CDS). The validity of VDS and CDS compared with the ASHA NOMS scale has been previously confirmed [13, 14] .
VFSS findings were divided into oral, pharyngeal, and esophageal phases. Abnormal findings in the oral phase included inadequate tongue movement, poor bolus formation, poor mastication, and premature bolus loss.
Those in the pharyngeal phase comprised decreased laryngeal elevation, reduced epiglottis inversion, delayed triggering of pharyngeal swallowing, aspiration, penetration, vallecular residue, pyriform sinus residue, and pharyngeal wall coating. Incomplete upper esophageal sphincter (UES) relaxation and pharyngeal reflux were evaluated in the esophageal phase. Temporal parameters such as oral transit time (OTT), pharyngeal delay time (PDT), and pharyngeal transit time (PTT) were also measured. The OTT is defined as the time elapsed since the bolus initiates movement inside the mouth until the head of the bolus passes into the pharynx beyond the base of the tongue. The PDT is the time elapsed since the head of the bolus passes the base of the tongue until the larynx elevates, while the PTT is defined as the time elapsed since the head of the bolus passes the base of the tongue until the tail of the bolus goes through the UES. All temporal parameters were quantified by the 2 mL bolus test because this is the standard for all patients.
Statistical methods
The Student t-test (for continuous variables) and chisquare test (for discrete variables) were used to compare variables between the TBI and stroke patient groups. All statistical analyses were performed using SPSS software ver. 18.0 (SPSS Inc., Chicago, IL, USA). Null hypotheses of no difference were rejected if p-values were less than 0.05. www.e-arm.org
RESULTS
Demographic and clinical patient characteristics
Mean (±standard deviation) patient age was 57.6±16.6 years (range, 24-88) and 59.1±17.5 years (range, 23-86) in the TBI and stroke groups, respectively. All demographic data were presented in Table 1 . There was no significant difference in age, sex, height, and body weight between the two groups. Disease duration in the TBI and stroke group was 262.1±641.9 days and 222.2±426.2 days, respectively. The number of the patients classified at the acute, sub-acute, and chronic stage was 7 (17.1%), 16 (39.0%), and 18 (43.9%), respectively. The location of lesions differed significantly between the two groups (p=0.024) ( Table 1) .
Dysphagia severity and characteristics in TBI and stroke patients
The mean severity of dysphagia between the two patient groups showed no significant difference according to the ASHA NOMS swallowing scale (3.6±2.2 in TBI vs. 3.8±2.2 in stroke; p=0.600) and the VDS (35.3±21.0 in TBI vs. 34.2±20.4 in stroke; p=0.824) ( Table 2) .
The VFSS findings showed no significant difference between the two groups. In patients with TBI, the most common VFSS findings, in descending order, included aspiration or penetration (73.2%), decreased laryngeal elevation (68.3%), and reduced epiglottis inversion (61%). In stroke patient group, aspiration or penetration (73.2%), reduced epiglottis inversion (68.3%), and decreased laryngeal elevation (63.4%) were the most common VFSS findings. Furthermore, the mean CDS showed no significant difference between the two groups (17.2±16.7 in TBI vs. 19.8±19.1 in stroke; p=0.538).
Impact of surgical intervention
Among the 41 TBI patients, 20 underwent surgical intervention. Of these patients, 12 underwent craniectomy and 6 underwent craniotomy. The remaining 2 patients had undergone brain surgery; however, due to the absence of medical records, we could not determine the type of surgery. Of the 20 patients with surgical intervention, 8 patients could eat orally (ASHA NOMS swallowing scale ≥4), and of the 21 patients without surgical intervention, 17 patients could eat orally. Dysphagia severity showed significant difference between patients with surgical intervention and those without when assessed using the ASHA NOMS swallowing scale ≥4 (oral-feeder) (p=0.011). However, CDS, VDS, OTT, PDT, and PTT showed no significant difference between these patient groups. www.e-arm.org
Impact of radiological lesion
Common radiological findings in the TBI patient group comprised subdural hemorrhage (SDH; 60.98%), intracranial hemorrhage (ICH; 43.90%), subarachnoid hemorrhage (SAH; 34.15%), extradural hematoma (EDH; 21.95%), and intraventricular hemorrhage (IVH; 12.20%). Thirteen patients (31.71%) exhibited bilateral brain lesion, 14 (34.15%) patients' radiological findings presented as a midline shift, and 3 (7.32%) patients had a brainstem lesion. The outcome measures showed no significant differences between patients with each radiological lesion, including SDH, ICH, SAH, EDH, IVH, bilateral brain lesion, midline shift, and brainstem involvement and those without a lesion.
DISCUSSION
To our knowledge, this is the first study to compare swallowing characteristics and severity of dysphagia between patients with TBI and stroke. There was no significant difference in the severity and characteristics of dysphagia between the two patient groups. In the TBI group, patients who underwent surgical intervention showed a significant positive relationship with non-oral feeding.
Although no previous studies have compared dysphagia between TBI and stroke patients, comparative studies have been conducted on mobility differences between patients with TBI and those with stroke. Juneja et al. [15] reported no differences in the effects of admission and www.e-arm.org discharge status on balance and activities of daily living function between patients with TBI and those with stroke. In contrast, Eng et al. [16] found that patients with TBI were admitted and discharged with a higher mobility status, as compared with patients with stroke; however, the actual change in mobility status (improvement) did not differ between the two patient groups. The significant difference in age partially accounted for the differences between the TBI and stroke patient groups. However, the admission and discharge mobility status differed significantly between these two patient groups in the previous studies. These differences are possibly due to the specific pathology of the different brain injuries and their resulting clinical manifestations. In our study, although there was significant difference in lesion location, all the TBI patients had intracranial lesion as in stroke patients.
Major portion of lesion location in both groups was supratentorial lesion (TBI, 92.7%; Stroke, 73.1%). Thus, this pathologic similarity might attribute to the similar characteristics of dysphagia between the two groups. In addition, the common VFSS findings in our study, such as aspiration or penetration, decreased laryngeal elevation and reduced epiglottis inversion, could be shown in both infratentorial and supratentorial lesion. In our study, common VFSS findings in TBI patients comprised aspiration or penetration, decreased laryngeal elevation, and reduced epiglottis inversion. This suggests that dysphagia in the TBI patients mainly resulted from pharyngeal dysfunction. This result supports the finding of a previous study, which demonstrated frequent pharyngeal dysfunctions, including aspiration, in severe TBI patients [4] . In contrast, other studies have reported oral phase abnormality as the most common VFSS finding in TBI patients [4, 8, 17] . In these studies, patients were young adults (average age ranged between 26 and 34 years); a younger mean age than the TBI patients in the present study (mean age, 57.58 years). Mean disease duration in the previous studies was between 17.6 days and 2.5 months, while in the present study it was approximately 262 days. Although the effect of age is unclear, short disease duration could affect oral phase abnormality. Due to cognitive dysfunction or consciousness disorder, patients in early TBI stage might be at higher risk of oral dysfunction than patients in our study.
Mackay et al. [3] reported an ICH incidence of 25.9%, which is lower than the ICH incidence in the present study (43.9%). The presence of ICH is associated with traumatic parenchymal lesion. Larger lesions may place the patients at risk of further neurological deterioration, herniation, and death [17] . In addition, the incidence of patients with brain stem hemorrhage in the present study was higher (7.31%) than previously reported (mean, 1.63%) [18] . Brain stem lesions can result in abnormal swallowing pattern generation or abnormal distribution of the swallowing drive to the various motor neuronal pools [19, 20] . This suggests that patients in the present study were at higher risk of pharyngeal dysfunction than patients in the previous study.
Terre and Mearin [8] showed that while frequent early VFSS findings revealed an increase in OTT and alterations in lingual control, they were normalized in 80% of patients at 1 year of follow-up. In relation to temporary dysphagia, most cases can be categorized as contusion or brain cortex lesion, and present with oral phase abnormality due to cognitive problems or attention deficiency [3, 4, 6, 17] . In these cases, swallowing function can recover with the recovery of cognitive function. In contrast, pharyngeal dysfunction has the potential to be main mechanism in cases of persistent dysphagia.
The subgroup analyses suggested that patients with surgical intervention might have a greater chance of nonoral feeding (ASHA NOMS scale <4) than those without. However, none of the radiological findings were statistically related with dysphagia severity and characteristics. A previous study reported that severe CT findings (lesions that require surgical intervention, midline shift, or brain stem involvement) were related to abnormal swallowing in TBI patients [4] . This supports the present study's findings that surgical intervention can affect swallowing function. The indications of surgical intervention were low Glasgow Coma Scale (GCS) or increased intracranial pressure [21] . Low GCS could be caused by brain stem lesion involving reticular formation or bilateral frontal lesion, and increased intracranial pressure could be caused by extensive hemorrhage. These pathologies may negatively impact swallowing function.
In 2013, Stevens and Sutter [22] reported that SAH and IVH were prognostic factors of TBI. However, the present study's results suggest that there is no direct relationship between radiologic lesion and dysphagia severity or characteristics. While brain stem lesions have been reported to cause severe dysphagia in stroke patients, there
www.e-arm.org have been few studies on dysphagia associated with brain stem lesion in TBI patients [23] . As discussed previously, the incidence of brain stem lesions was lower than 10% in the present study. Therefore, the influence of brain stem involvement on dysphagia in TBI patients may have been underestimated due to the low incidence of those lesions. Therefore, patients who undergo surgical intervention after TBI require more careful care in relation to dysphagia.
This study had some limitations. Firstly, the target population of this study comprised severe TBI patients with dysphagia. Of the 41 patients, 20 patients underwent brain surgery; however, a previous study reported that out of a total of 816 TBI patients, only 40 patients underwent decompressive craniectomy [21] . This suggests that a higher proportion of patients with more severe TBI or those with high intracranial pressure at first onset may have been included in the present study, as compared to previous research. Additionally, almost all patients originated from another first to tertiary care center, and the study population was not from a general population; only patients who underwent VFSS were included. Furthermore, all patients exhibited a radiologic lesion on the brain. Therefore, the findings of our study are limited to the generalized TBI patient population. Secondly, the duration of disease was heterogeneous. The shortest disease duration was 9 days after onset and the longest was 1,494 days after TBI onset, with a standard deviation of 641.9 days. Due to the variability of disease duration, it is difficult to confirm if the outcomes of this study consistently reflect the physiology of TBI. Finally, the clinical information, including the severity of TBI and intracranial pressure, was insufficient. Severity of TBI measured using the GCS or the Rancho Los Amigo Scale has been reported to be related to the incidence of dysphagia [3, 4, 6, 17] . However in this study, such information was missing because patients with chronic TBI were included. Despite these limitations, information relating to the radiological findings and surgery, as described above, could indirectly indicate the severity of TBI. A further study may be necessary to evaluate the influence of the severity of TBI on swallowing function.
In conclusion, the swallowing characteristics of dysphagic patients after TBI were comparable with those of dysphagic stroke patients. Common VFSS findings in patients with TBI comprised aspiration or penetration, decreased laryngeal elevation, and reduced epiglottis inversion. These results suggest that therapeutic approaches for dysphagia in stroke patients may also be applied to TBI patients with dysphagia. Patients who underwent surgical intervention after TBI tended to feed non-orally; therefore, more careful care and long-term VFSS followup may be required for these patients.
